INTRODUCTION
Asthma is one of the most common chronic respiratory diseases that results in pulmonary inflammation and reversible lower airway obstruction in subjects of all age groups and is a major cause of socioeconomic implications in many countries. [1] [2] [3] [4] Immunoglobulin E (IgE) plays a central role in inflammation by binding of its Fc region to FcεRI receptors on mast cells or FcεRII receptors on B lymphocytes and eosinophils to release inflammatory mediators. ma recommend oral corticosteroids (OCSs, lowest dose) and/or sustained-release theophylline as a step 5 therapy. 8 Despite a high burden of pharmacotherapy, control of severe asthma is seldom achieved, and patients experience daily and nocturnal symptoms, frequent exacerbations, and poor quality of life, affecting daily activities. 9, 10 Omalizumab, a humanized monoclonal anti-IgE antibody, is recommended for the treatment of persistent moderate-to-severe allergic asthma. 11 It binds to the Fc region of free-IgE, preventing its binding and allergen-induced cross-linking of highaffinity receptors on mast cells and basophils. With long-term therapy, high-affinity receptors on mast cells and basophils are down regulated, leading to a decrease in inflammatory mediators released. 1, 12, 13 Omalizumab has shown clinical benefits and favourable cost-effectiveness in patients with persistent severe allergic asthma and a high burden of disease.
14 Considering evidence from randomized controlled clinical trials and real-world studies, the 2014 GINA asthma management guidelines suggested the use of add-on omalizumab as the preferred step 5 therapy for patients with uncontrolled allergic asthma. [15] [16] [17] [18] [19] However, there is no data on the management of Chinese patients with omalizumab. This study evaluates the efficacy, safety, and tolerability of omalizumab therapy, compared to placebo, in Chinese patients with moderate-to-severe persistent allergic asthma.
MATERAILS AND METHODS

Patients
Patients were of either gender, aged 18-75 years, with confirmed diagnosis of moderate-to-severe persistent allergic asthma (inadequately controlled symptoms despite medium-tohigh-dose ICS+LABA [GINA step 4] therapy) for ≥1-year duration at screening, weighing >20-≤150 kg, a serum total-IgE level of 30-700 IU/mL. Eligible patients had a documented positive reaction to at least 1 perennial aeroallergen and reported ≥ 2 or ≥3 exacerbation events in previous 12 or 24 months, respectively. Other inclusion criteria were forced expiratory volume in 1 second (FEV1) of 40%-80% of predicted normal with post-bronchodilator reversibility of ≥12% within 30 minutes and compliance with completion of peak expiratory flow (PEF)/ electronic diary (eDiary) during the run-in period.
Patients were excluded if they had a history of malignancy, hypersensitivity, or severe food-or drug-related anaphylaxis, active lung disease other than allergic asthma, clinically significant ECG or chest X-ray abnormality, elevated total serum IgE level without increase in specific IgE, or use of other investigational drugs within at least 30 days/5 half-lives of enrolment.
Study design
This is a randomized, double-blind, placebo-controlled, and parallel-group study (Fig. 1A ). Patient's eligibility criteria were assessed in a pre-treatment screening consisting of a 2-week optimization period and a 4-week run-in period (baseline) to determine patient's degree of asthma control. At the baseline visit, eligible patients were randomized (1:1) to receive either add-on omalizumab or add-on placebo by subcutaneous injections for 24 weeks. The dose and dosing frequency were determined by the omalizumab dosing table on the basis of patient's serum total-IgE level and body weight (≥0.016 mg/kg/ IgE-IU/mL every 4 weeks). Patients were advised to use rescue medication (inhaled salbutamol) as needed and record it in the eDiary. The study was conducted in accordance with the current Good Clinical Practice, and the protocol was approved by Independent Ethics Committee or Institutional Review Board for each center. Written informed consent was obtained from each enrolled patient. The study was registered at http://clinicaltrials.gov (NCT01202903).
Assessments
The efficacy and safety of add-on omalizumab treatment was assessed at 4-week (±3 days) intervals during the 24-week treatment period.
Efficacy assessment
The primary efficacy objective was to assess the mean change from baseline in morning PEF (mPEF, L/min) measured using a PEF meter after 24 weeks of treatment. Patients were instructed to record their mPEF within 15 minutes of waking, before using any medication. The secondary endpoints included FEV1 % predicted, Asthma Control Questionnaire (ACQ) scores, asthma symptom scores and rescue medication use, standardized Asthma Quality of Life Questionnaire (AQLQ[S]) scores, Global Evaluation of Treatment Effectiveness (GETE) responder analysis, and safety. FEV1 % predicted at defined time-points and ACQ scores at Weeks 16 and 24 (Supplementary section S4) were assessed. Patients recorded the daily symptom scores (morning, daytime, and nocturnal symptoms) and rescue medication use twice daily (puffs taken in the last 12 hours; Supplementary section S6) using an eDiary. Investigators and patients assessed the GETE on a 5-point scale (excellent, good, moderate, poor, or worsening) at Weeks 16 and 24. AQLQ(S) at the beginning and after 24-week treatment period was used to assess the change in quality of life of patients (Supplementary section S5). The rate and seasonal effect of protocol-defined asthma exacerbations (clinically significant worsening of asthma requiring addition or increase in dose/dosing-frequency of systemic corticosteroids or intravenous theophylline) were assessed as exploratory outcomes.
Safety assessment
All adverse events (AEs), serious AEs, their severity and relationship to the study drug, and pregnancies were assessed. Spirometry, eDiary data, and PEF were also used to monitor patient's safety. 
Statistical analysis
All efficacy variables were analyzed, unless specified, using the full analysis set (FAS). FAS consisted of all patients who received ≥1 dose of the study drug. The per-protocol set (PPS), a subset of the FAS without major protocol deviations (Supplementary section S2), was used for supportive analysis to assess robustness of the primary analysis. The primary outcome, change from baseline to Week 24 in mPEF, was assessed using an analysis of covariance (ANCOVA) model with the terms (treatment arm, dosing schedule [every 2 and/or 4 weeks], gender, center grouping, smoking status), and baseline mPEF as the covariates. The changes from baseline of FEV1 % predicted, AQLQ(S) and ACQ scores at the end of the 24-week treatment period were analyzed using ANCOVA, with baseline values as covariates. The investigator's and patient's GETE were analyzed using the Cochran-Mantel-Haenszel test for treatment comparison with respect to responder rate (proportion of patients achieving excellent/good response). The change from baseline of total asthma symptom score was calculated as the total of each day's morning, daytime, and nocturnal scores, and treatment comparisons were evaluated using ANCOVA and the Van-Elteren test. Two-sided hypothesis tests were conducted at an alpha level of 0.05 for all endpoints. The analyses of changes from baseline in mean mPEF and FEV1 % predicted were based on the observed data. For mPEF if fewer than 7 daily readings during a 28-day period were available, the mean mPEF for that period were set to missing. Missing data was handled similarly for asthma symptom score. For ACQ and AQLQ(S), missing items were imputed by interpolation and for scoring ≤1 missing item and ≤10% of data was allowed, respectively.
All safety variables were analyzed using safety set unless specified. The safety set included all patients who received at least 1 dose of the study drug.
RESULTS
Patient disposition and baseline characteristics Among 1,480 patients screened, 616 eligible across 42 study centers in China were randomized (1:1) to either add-on omalizumab or placebo. Of these, 7 were screen failures, but randomized in the IRT system according to the investigative site, and excluded from the FAS and the safety set. One patient did not receive study medication for >60 days and was also removed from the FAS. In effect, 608 and 609 patients were included in the FAS and the safety set. PPS analysis included 536 patients, and details of protocol deviations leading to exclusion from the PPS dataset is provided in Supplementary section S2. Patient disposition is discussed in Fig. 1B . Both treatment arms were well-balanced in demographic and baseline characteristics (Table 1) .
Efficacy mPEF
Omalizumab showed numerically greater improvement change from baseline in the mean mPEF after 24-week treatment when compared to placebo. However, the treatment difference vs the placebo group at Week 24 was not statistically significant (LSM treatment difference [LSM-TD]=8.85 L/min; P=0.062; Fig. 2A ). At Weeks >4-8 through >16-20, omalizumab significantly improved mean mPEF from baseline vs placebo. PPS analysis showed significant improvements in mean mPEF with omalizumab vs placebo from Weeks >4-8, which persisted throughout the remainder of study duration (Week 24 LSM-TD=11.53 L/min; P=0.022; Fig. 2A ).
FEV1 % predicted
The FEV1 % predicted at all time-points, from 8-24 weeks of treatment, was significantly improved with omalizumab vs pla- Fig. 3) . The proportion of patients achieving clinically meaningful improvements in ACQ scores was 49.5% (104/210) for the omalizumab group vs 35.5% (75/211) for the placebo group when considering the response rate based on number of patients with available ACQ data. Approximately 30% of patients had missing ACQ data.
Total asthma symptom scores and rescue medication use
Statistically significant reductions were observed for total and night-time symptom scores with omalizumab vs placebo at Week 24 (LSM-TD=-0.21; P=0.048, -0.12, and P=0.011, respectively) (Fig. 4A) . Use of rescue medication during day/night decreased (LSM-TD daytime/nighttime=-0.16/-0.14 puffs/day; 
Investigator's and patient's GETE
After 16-week treatment, the proportion of patients who responded to treatment was significantly higher in the omalizumab group than in the placebo group (investigator's and patient's GETE being 71.9% vs 52.3%; P<0.001 and 70.6% vs 59.6%; P=0.006, respectively). Similarly at Week 24, investigator's and patient's GETE for omlaizumab vs placebo were 70.3% vs 50.7% (P<0.001) and 71.9% vs 61.6 (P=0.006), respectively (Supplementary Figure) .
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Protocol-defined asthma exacerbations
The proportion of patients reporting asthma exacerbations was lower in the omalizumab vs placebo group (7.2% vs 10.9%, rate ratio=0.61; P=0.097). Protocol-defined exacerbations were less frequently reported in the omalizumab vs placebo groups in winter (2 vs 21), whereas for other seasons the frequency was comparable (for spring [8 vs 8] , summer [8 vs 10] , and autumn [9 vs 12] ). Exacerbation rates per year were 0.06 vs 0.06 during spring, 0.06 vs 0.07 during summer, 0.06 vs 0.09 during autumn, and 0.01 vs 0.15 during winter, respectively, for omalizumab vs placebo.
Safety
Patients were exposed to a median duration of 169 days in both the study arms over 24 weeks. Patients received omalizumab or placebo every 2 or 4 weeks to reach a total of 6 or 12 doses, respectively. The overall incidence of AEs during the study period was similar in the omalizumab (39%) and placebo (39.5%) groups ( Table 2 ). The majority of AEs in both groups were mild or moderate in severity. The incidence of severe AEs was lower in the omalizumab group (1.9%) vs the placebo group (3.0%) and similar for mild (omalizumab 29.0% vs placebo 27.4%) and moderate (15 Fig. 5 . Analysis of change from baseline in the AQLQ(S) scores (full analysis set). Data is presented as LSM treatment values±SEM from the full analysis set. Patients with not more than 1 item missing are included with the missing item being imputed by interpolation (approximately 40% of patients in both the treatment groups had missing AQLQ(S) data). AQLQ(S), asthma quality of life questionnaire; LSM, least squares mean; SEM, standard error of mean. Data is represented as n (%); AEs with ≥1% in any group were represented here. *As reported by investigator. AE, adverse event.
Omalizumab Placebo was reported in the omalizumab group. The patient had 2 episodes of asthma exacerbation in 4 months before randomization and a declining PEF during the run-in period. No rescue medication use was reported during the 12 days before the exacerbation event. The cause of death was recorded as severe asthma exacerbation.
DISCUSSION
Omalizumab is the only humanized anti-IgE monoclonal antibody approved as an add-on therapy for patients with allergic asthma inadequately controlled with high-dose ICSs with or without other controller medication. 20 Omalizumab has demonstrated efficacy and safety in numerous controlled trials and real-world studies, mostly in predominantly Caucasian populations. 11, [21] [22] [23] [24] [25] [26] [27] [28] [29] This is the first study investigating the efficacy and safety of omalizumab specifically in Chinese patients with moderate-tosevere persistent allergic asthma. Though the primary endpoint of demonstrating the effect of add-on omalizumab treatment on change from baseline in mean mPEF after 24 weeks of treatment vs placebo was not met in this study, statistically significant improvements in mPEF were observed with omalizumab vs placebo from Week 4-20. The statistically insignificant primary endpoint at Week 24 may have been affected by the variability observed in mPEF data, which increased over time in both treatment groups and peaked at Week 24. This variability may reflect the imprecision of a self-administered and effort-dependent test. It is worthwhile to note that the supportive analysis using the PPS, which excluded patients with major protocol deviations, showed that omalizumab was superior to placebo in improving the mean mPEF, starting at >4-8 weeks and persisting throughout the remainder of the 24-week treatment period (LSM-TD=11.53 L/min; P=0.022). Previously reported clinical studies in patients with allergic asthma have also shown improvements of 10-30 L/min in mPEF from their baseline values after 16-week treatment with omalizumab. 26, 27, 30 In the present study, evident from FEV1 % predicted values from Week 8-24, improvements in lung function observed with omalizumab is consistent with recent published results. 11, 19, 21, 23, 27 In addition to lung function, omalizumab has previously shown clinically relevant and significant improvements in the ACQ scores in patients with asthma vs placebo or optimized asthma therapy. 18, 19, 28, 30, 31 Improvements in ACQ scores (clinically relevant change from baseline and significant vs placebo), overall symptoms scores and decreased rescue medication use were observed with omalizumab in Chinese patients. Similar to results published in a previous study, 18 investigator's and patient's GETE responder analysis (at Week 16 assessment) also showed a greater number of responders in the omalizumab vs placebo groups.
Omalizumab also significantly improved quality of life vs placebo, with respect to the overall AQLQ(S) scores as well as its individual domains. Recent real-life evidence in other populations also suggests an improvement in the quality of life of patients treated with omalizumab. 19, 21, 32 Previous studies have reported a higher mortality due to asthma in the winter season because of an increased incidence of seasonal influenza infection accompanied by severe asthma exacerbations. 33, 34 Although the present study of Chinese patients was not powered for exacerbations, omalizumab reduced the exacerbation rate per year and the number of exacerbations in winter compared to placebo (0.01 vs 0.15 and 2 vs 21, respectively).
The majority of adverse events were mild or moderate in severity. One death in the omalizumab group occurred on the day after the first and only dose from severe asthma exacerbation. Though the investigator suspected the death to correlate with treatment, anaphylaxis was not reported to be the reason. No deaths were reported in the omalizumab groups in global pivotal studies. 15, 16, 35, 36 The international asthma management guidelines 11, 20 (GINA and NHLBI) recommend omalizumab as a step 5 asthma therapy for moderate or severe persistent allergic asthmatic patients. Various studies have shown omalizumab to be an effective and safe therapy for moderate-to-severe allergic asthma in patients of Asian ethnicity outside China. 5, 19, 26, 27 This study demonstrated an improvement in lung function and symptoms related to asthma as well as decline in the frequency of daytime and nighttime symptoms, rescue medications use, or asthma exacerbations in Chinese patients who were treated with omalizumab. This resulted in enhanced quality of life in patients with moderate-to-severe persistent allergic asthma in this study. Additionally, despite one death, omalizumab presented a safety profile that was comparable with that of placebo.
Although no formal hypothesis testing has been performed, by informal comparison with various other studies including non-Chinese ethnicities, the results from this study in Chinese patients suggests no clinically relevant ethnic differences in response to omalizumab therapy. 16, 26, 27 Our results suggest that omalizumab may show similar tolerability and efficacy in Chinese patients compared to non-Chinese or Caucasian patients.
There are several limitations to this study. First, there is missing data for some variables (e.g., ACQ and AQLQ[S]) with interpolation performed. While expected to decrease precision around the point estimates, the fact that statistically significant differences between treatment groups were observed argues against these missing data as being a critical limitation. Secondly, this study is not powered for studying effects of omalizumab on asthma exacerbations. Thirdly, there is a lack of adjustment for multiple comparisons between secondary endpoints in this study. The fact that the benefits that were observed in these secondary endpoints are consistent with those of previous trials [15] [16] [17] [18] [19] militates against concerns around lack of adjustment for multiple comparisons.
In conclusion, add-on treatment with omalizumab may prove to be an effective and safe therapy option for Chinese patients with moderate-to-severe persistent allergic asthma.
